A direct fluorescent-antibody test for smallpox is described which utilizes a conjugated antivaccinia serum that was purified by diethylaminoethyl fractionation. The purity of the conjugate was analyzed by density gradient centrifugation, and specific staining of smallpox and nonsmallpox specimens was measured quantitatively by a photovoltmeter. Variola elementary bodies were identified in all of the specimens of vesicular and pustular fluid collected from 50 smallpox patients, and no falsepositive diagnoses were made on specimens from 27 patients with varicella or other nonpox viral exanthems. However, 63.8 % of the specimens of vesicular and pustular fluid smeared on slides in the field were unusable because of bright nonspecific fluorescence. For this reason, the fluorescent-antibody test does not compare favorably with other routine laboratory tests for smallpox. by the identification of poxvirus antigen in specimens from 91 smallpox patients is analyzed in this study. METHODS AND MATERIALS Immune serum production. The Lister strain of vaccinia was adapted to Dutch rabbits by three serial intradermal passages to produce a dermal virus preparation titering 3 X 10' pock-forming units per ml. Two New Zealand rabbits were vaccinated with this antigen and observed for 4 weeks or until the vaccination site was completely healed. They were then inoculated intravenously with three doses of 2 ml of dermal virus suspension at 5-to 6-day intervals and exsanguinated 7 days after the final booster dose.
The rapid laboratory diagnosis of viral and bacterial illness by fluorescent-antibody (FA) techniques is well established and has been applied to specimens from patients suspected of having smallpox. Avakian (1) and Murray (13) first demonstrated specific staining of variola elementary bodies and antigen in smears of lesion material from smallpox patients by direct and indirect FA testing. Kirsh by the identification of poxvirus antigen in specimens from 91 smallpox patients is analyzed in this study. METHODS AND MATERIALS Immune serum production. The Lister strain of vaccinia was adapted to Dutch rabbits by three serial intradermal passages to produce a dermal virus preparation titering 3 X 10' pock-forming units per ml. Two New Zealand rabbits were vaccinated with this antigen and observed for 4 weeks or until the vaccination site was completely healed. They were then inoculated intravenously with three doses of 2 ml of dermal virus suspension at 5-to 6-day intervals and exsanguinated 7 days after the final booster dose.
The sera had vaccinia-neutralizing antibody titers of 1:1,100 and 1:1,600, respectively, and were pooled before conjugation.
Preparation of conjugate. The gamma globulin was extracted from the hyperimmune serum on a diethylaminoethyl (DEAE) column by the method of Levy and Sober (11) . However, a degree of overloading the column was indicated by the detection of a small amount of albumin by cellulose acetate strip electrophoresis. The globulin preparation was conjugated with fluorescein isothiocyanate (FITC) by the method of Marshall et al. (12) . After removal of unconjugated fluorescein by filtration through Sephadex G-25 (Pharmacia, Upsala, Sweden), the conjugated globulins were fractionated on a DEAE cellulose column, and fluorescein to protein (F/P) ratios were determined as described by Riggs et al. (16) . The conjugate was not concentrated back to the original protein content but was used at a 1: 2 dilution.
Density gradient centrifugation. The fluorescent conjugates, before and after purification with DEAE cellulose, were analyzed by density gradient centrifu-sucrose of the following composition: 6 ml of 35%, 6 ml of 26.7%, 6 ml of 18%, and 6 ml of 10%. The sample was overlaid with 15 ml of buffer solution without sucrose and centrifuged at 27,000 rev/min for 22 hr at 4 C in the Beckman SW 27 rotor. Upon completion of the run, the centrifuge tubes were unloadedfromthe bottom through tubing (1 mminner diameter) with a tubing pump at 1.3 ml/min, through an ultraviolet (280 nm) recording spectrophotometer. Fractions (1 ml) were collected for further analysis.
Specimen material. Fig. 1 . In both cases, specific staining was optimal in fractions comprising the faster portion of the major protein peak. These fractions gave brilliant specific staining that could be completely inhibited (Table 1) . They were tested on vaccinia-infected BHK-21 cells. Specific staining of intracytoplasmic vaccinia virus (Fig.  2) was reduced to the level of autofluorescence by the inhibition test (Fig. 3) . Fluorescence or extracellular virus particles was specifically inhibited.
The conjugates were tested on specimens from 91 smallpox patients and 27 patients with varicella or other illnesses. Specifically stained viral particles (Fig. 4) in the smears of smallpox vesicular and pustular fluids corresponded to the size of elementary bodies stained by the Gispen technique (11) . Extracellular virus particles were usually abundant, and specific fluorescence of these particles was completely inhibited by treatment with unconjugated hyperimmune serum (Fig. 5 ). Smallpox crust suspensions had virus particles and larger fragments of antigen-containing tissue. These all stained specifically; however, inhibition of antigen within the tissue fragments was not complete. It was noted both in varicella and smallpox specimens that leukocytes often fluoresced brightly in both the test and inhibition preparations. Thick smallpox smears often had moderate to bright autofluorescence. Although specific-staining viral particles were present on the test side in these smears and were less bright on the inhibition side, it was difficult to make a diagnosis of smallpox because of the autofluorescence. Only 46% of the field smears from known smallpox patients were positive for poxvirus antigen in our tests. The remaining slides were unusable because of bright fluorescence of the entire protein film and dense accumulations of leukocytes. Subsequent study (J. Noble, unpublished data) has revealed that smears of smallpox lesions made in the field must be frozen promptly and maintained frozen until Fig. 6 ) was obtained on a varicella smear which had most of the specimen smeared in the test area and very little in the inhibition area.
Only one of the smallpox specimens overlapped the range of the other nonsmallpox readings.
When small amounts of specimen were present on smallpox smears, there was little difference between test and inhibition readings (i.e., point plotted at test 350, inhibition 290; Fig. 6 ). However, specifically staining granules could be visually identified on the test side of this smear. All photometric readings obtained from smallpox specimens fell to the right of the line of equal illumination (Fig. 6) , whereas nonsmallpox values clustered around the line or to the left of it. The negative median difference for nonsmallpox specimens reflects an observation that there was often brighter background illumination on the inhibition than on the test sides of nonsmallpox smears. Variation in the amount of specimen in test and inhibition areas and in the background illumination prevented us from developing photovolmetric criteria for smallpox diagnosis.
A total of 60 smears of vesicular fluid were made from one patient to determine the internal consistency of FA diagnosis and the stability of the smears. Twenty smears examined on the day of preparation were positive with equal amounts (1, 9) , the indirect technique (13) , and FA staining of tissue culture inoculated with smallpox specimens (3, 7, 10) . We chose a direct FA technique and a onestep inhibition test to document specific viral staining. We found that the appearance of conjugated antibody bound to viral particles or elementary bodies on smallpox smears was similar to the "extracellular fluorescing particles" described by Kirsh and Kissling (9) and the "numerous points of bright fluorescence" described by ElGanzoury (6) . With the exception of some special problems with field smears, staining of smallpox viral particles was completely inhibited by the one-step inhibition test (Fig. 4 and 5) . Thus, the criterion of Goldstein et al. (6) The plot of mean test and inhibition area readings clearly separated the smallpox and nonsmallpox specimens (Fig. 6 ) and confirmed the ability of our conjugate to stain smallpox preparations specifically. Thus, the FA technique used in this study gave an accurate diagnosis of smallpox on all specimens maintained in a frozen condition after collection and tested within 4 In most nations of the world, smallpox does not exist, and surveillance is maintained to prevent importation of the disease. Specimens from smallpox suspects in these areas are submitted in small numbers for laboratory testing (14) . Thus, standard laboratory tests for smallpox must not only be accurate but must also be easy to perform and interpret; they must require stable reagents. The agar-del diffusion test and electron microscopy are utilized to provide a rapid preliminary diagnosis of smallpox. The final and definitive laboratory diagnosis of smallpox is obtained by isolation of variola on the CAM after 72 hr of incubation. CAM culture, electron microscopy, and agar-gel testing have been recommended as rapid, reliable, and simple laboratory tests for smallpox (4, 18) . Although the FA test described in this report is accurate, conjugate preparation is a complicated procedure and the accuracy of the test is not reliable unless specimens are kept frozen after collection. Thus 
